This model has been used in a large number of climate change-related studies (e.g., refs 6, 7 and 8).
and commodity prices are endogenously determined.
Structure of the Model
The ASM framework can be summarized by the following equations. Table S1 . Equation S1 is the objective function mixing the price-endogenous and spatial equilibrium models. The first line of Equation S1 represents the area under the demand curves for commodity i less the area under the regional U.S. factor supply curves for perfectly elastic production costs associated with production process j and quantity dependent prices for factor r summed across all k regions. The principal assumptions used in the ASM are as follows:
-Agricultural demands and input supplies depend on prices. Thus domestic demands, export demands, import supplies, water supplies and labor supplies are specified as demand and supply curves with prices depending on levels of usage/supply.
-Many commodities are used as intermediate inputs. Therefore demand for, e.g., feedan input to livestock production -is not explicit but rather is based on demand for the various meat products.
-The agricultural scope includes the major crops, hay, livestock, bioenergy inputs and processing of energy, dairy, meat and other products plus feed mixing.
-Levels of crop inputs such as fertilizer, energy, labor, and insecticides depend on crop and crop management with management alternatives for multiple crops and within a crop for irrigation levels, tillage and fertilization. Livestock inputs vary across livestock types and multiple feed formulas are incorporated to allow feeding patterns to change with crop prices.
-Relationship between input use and yields under climate change is based on an econometric analysis of how inputs have changed with yield advances. The estimated relationships vary by crop, but the change for most crops was on the order of a 0.4% change in input use for a 1.0% change in yield based on results in ref 10.
-Climate change can have implications for livestock principally through changes in appetite and the distribution of energy between maintenance and growth. Animal yields were modified based on the data in ref 10.
-The amount of feedstuffs and other inputs change when livestock productivity changes.
We assume that feedstuff use is strictly proportional to the amount of animal products produced. The use of the non-feed inputs changed by 0.5% for every 1.0% change in livestock yields.
-Climate change exerted effects on surface water irrigation supply and, in turn, the amount of irrigation water available for agriculture was calculated using data from the water (1) and Tennessee (2) rivers. These sites are barge-loading facilities with the exception of the two sites on the Tennessee River (Huntsville and Knoxville) and a site on the Cumberland River (Nashville) that may both ship and receive grain. In the base model, the upper Mississippi River elevators are closed above St. Louis during the winter quarter in order to reflect river freezing.
Domestic excess supply regions are also linked by truck and rail to port elevator locations on or at the Lower Mississippi, Texas Gulf, Atlantic, Pacific Northwest, and the Great Lakes. In the model, these ports (except for the Great Lakes ports) can transport grain directly to foreign excess demand regions via ocean going ships. On the other hand, the Great Lakes ports can only ship to Montreal (Canada) using vessels (lakers) where the grain is subsequently loaded onto large ocean going bulk grain carriers. The Great Lake ports are assumed closed during the winter months due to freezing.
IGTM is a spatial equilibrium model of the following form:
Indices, variables and parameters used in the IGTM are provided in Table S2. Equation   S6 is the objective function. It maximizes the total net welfare, which is determined as the area under the demand curves minus that under the excess supply curves minus grain transportation costs, loading, unloading, mode shift and storage costs. Demand and supply functions in IGTM are assumed to be linear. Constraints are imposed when maximizing the objective function.
Equation S7 is the regional balance constraint for grain going into and out of the transport system in each region in each time period. Equation S8 is a balance for the grain in the transport system on a particular mode by location, grain, mode, and quarter. Finally, Equation S9 is the storage capacity constraint for each grain in each region and each time period.  The ratio of total acres of an individual crop relative to the total acres of the same crop in all adjacent counties is required to equal the historical average ratio between the counties after considering crop mix migration.
The downscaling model chooses the county land allocation that minimizes the sum of the deviations from all of the above criteria. This model was run to allocate the land area for 14 crops. 1 The resulting crop mix and total production numbers at the county level were then aggregated to the crop reporting district level and passed to IGTM.
However, the analysis needed to introduce the possibility of climate change induced crop mix migration into new production areas 2 . To account for this possibility, the study applied a method based on econometric results developed by ref 10, which allows one to identify a proportion of crop acreages in proximate southern areas that can shift to a given county. Such shifts were calculated and then added in to provide an augmented mix possibility relative to historical Census, NRI and USDA data. 1 14 crops included barley, corn, cotton, forage production, oats, peanuts, potatoes, rice, rye, sorghum, soybeans, sugar beets, tomatoes, and wheat. 2 The regionalizing downscaling of ref 17 disaggregated the solution of crop mixes and crop acreage from sector model to the county level by fixing crop mix and crop acreage solutions close to the county level historical crop mix, which cannot fully account for items which are expected to fall significantly outside the range of historical observation.
In brief, we construct coefficients for the 2050 climate change-induced crop mix migration that give the percentage of the crop mix pattern in a southern CRD that will shift to a more northern CRD. For example, if the coefficient of the projected climate-induced crop migration from Iowa CRD50 to Iowa CRD20 is 0.4, then 40 percent of the crop mix pattern in Iowa CRD50 could shift to Iowa CRD20. We omit presenting the derived shift coefficients here but will provide them upon request. We then follow Equations S10 and S11 to develop shifted county-level crop acreage data.
(S10) The first term on the right hand side represents the reduced historical acres of crop c in county p after part of the original crop mix pattern is replaced by that in southern regions crd.
The second term represents the acres of crop c shifting from CRDs in other regions to county p.
The last term on the right hand side in Equation S11 adjusts for the difference in size of the total acres farmed in each CRD. By using the same method, we also calculate the irrigated acres for individual crops at the CRD level taking into account the climate-induced shifts in crop production ( 
ft irracreshi
). Based on the USDA-NASS data, our study assumes that corn and soybean can shift northward up to 120 miles by2050. Moreover, we assume that the total acres of southern crops that are suitable in the far southern areas can expand up to two times higher than their historical level by 2050.
Next, we employ the calculated acres of crops that have accounted for climate-induced shifts in crop production patterns ( by maxuse p , minuse p ,   maxcrop p,c , mincrop p,c , asmmix p,c , and totalland p respectively. Table S3 , with the exception of the entries marked (*). The latter are in 1,000 metric tons because the corresponding results in Table S3 are zero. Small interregional transportation flows are not reported here. Notes: Percent changes are relative to the results in Table S3 , with the exception of the entries marked (*). The latter are in 1,000 metric tons because the corresponding results in Table S3 are zero. Small interregional transportation flows are not reported here. 
